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This paper reports the design process of a smart garment, which comprised 3-
lead sEMG (Surface Electromyography) electrodes. The ergonomic design is 
central for a proper monitoring response because it is a related with the stability 
and very well contacted between the electrode and the user’ body. For this, dif-
ferent body postures and the t-shirt behavior on the body was studied and simu-
lated using a virtual prototype. This approach contributed to understanding 
ways to solving problems related to fit and the electrodes’ stabilization. Fur-
thermore, physical and electronic tests using a prototype on a human subject 
were conducted. The real prototype presented positive results on the EMG mon-
itoring, showing the impact of ergonomic design on the smart garment. The 
EMG system was tested and presented good results, especially in regular 
movements. However, the system still needs to be improved in order to get a 
better signal when it comes to movements without pauses. 
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1 Introduction 
Surface electromyography is a technique that records the electrical activity of mus-
cles in a non-invasive way. The sEMG electrodes conduct biopotentials generated by 
the exchange of ions through the membranes of muscle fibers due to muscle contrac-
tion and relaxation [1,2] to an appropriate signal conditioning system. This technolo-
gy has been broadly utilized in muscle activity assessing of athletes and patients [3,4]. 
In sports, EMG signal monitoring has potential benefits such as controlling repeti-
tions, checking muscular fatigue, supporting the development of body awareness, 
tracking athlete’s performance, among others [3,5]. 
Although the possibility of remote transmission of EMG signals exists, the acquisi-
tion method is restrictive and uncomfortable to be conducted in out-of-lab settings. 
Thus, in recent years, many efforts have been developed by manufacturers and re-
searchers aiming to incorporate this technology in clothes [6–8]. 
The present study reports the development of a smart garment, more specifically, a 
long sleeve t-shirt with embedded ECG (Electrocardiography) and EMG electrodes. 
Initially, two prototypes for cardiac and muscle activity monitoring were developed 
and reported. However, the ECG and EMG systems were negatively impacted by the 
movement of the arms during use [9,10]. 
Considering that a perfect fit is of paramount relevance in this kind of smart gar-
ment, contributing to the proper operation of the electronic system integrated into the 
clothing, new prototypes were developed considering the ergonomic aspects of the 
design. The fit is essential to control the contact, stability, and positioning of elec-
trodes on the user's body and skin [11]. 
The development and validation of the t-shirt design was aided by tools such as a 
body scanner and a 3D CAD software. These tools improve the efficiency and effec-
tiveness of the design process and are alternatives to traditional patterning methodol-
ogies, expanding the exploration of new project possibilities [12,13]. 
The main objective of this article is to present the redesign and development pro-
cess of an ergonomic sportswear garment – a long-sleeve t-shirt – that integrates tex-
tile sEMG (Surface Electromyography) electrodes for unobtrusive, real-time monitor-
ing of a person’s activity and physiological data. 
2 Materials and methods 
In the development of the smart garment for EMG monitoring, design guidelines were 
focused on the fit and ergonomic-functional capacity of clothing, as well as on the 
improvement of contact and stabilization of the shirt to the body to create a better 
performance environment for electronic monitoring. 
The design process was divided into ergonomic design conception, virtual try-on, 
and tests on a real prototype. For the design, the surface extraction of the 3D digital 
body obtained using 3D-2D flattening technology was used, through a 3D CAD soft-
ware, Clo 3D version 4.1. After this, a dynamic virtual try-on analysis, exploring the 
different positions of the sensors, was performed to develop a virtual prototype. 
Subsequently, a physical prototype was developed, using conventional and tech-
nical textiles. A Jersey fabric, using 95% polyamide and 5% elastane, was used for 
the t-shirt base, Figure 1. A technical conductive knit Shieldex Medtex P180+B was 
uses as electrode and for conductive paths. For those, the knit was coated with a ther-
moplastic film (Bemis Exofliex 3900) and reinforced with TPU. The bonding condi-
tions were: 130 °, at 5.5 bar, for 20 seconds. The electrodes have a rectangular shape 
(5cm x 3cm), as shown in Figure 2. The BITalino Board kit, and Opensignals soft-
ware were used to carry out the experiments. A volunteer was selected to participate 
in the experiments.  
 
Fig. 1 and 2. T-shirt prototype at use and the electrode design positioned in the sleeve. 
 
The acquisition procedure was delimited by the repetition of movements related to 
the muscles studied: biceps, triceps, and chest. The exercises performed were respec-
tively, Dumbbell bicep curls, Kickback, and Push up, and each one was repeated five 
times by the volunteer. The tests were performed with the t-shirt worn on dry skin and 
no additional support system for the electrodes was used, ensuring that only the pres-
sure of the t-shirt on the body was applied.  
3 Results and Discussion 
The first ergonomic pattern was designed using a flattening tool available in the 2D-
3D Cad software Clo 3D. This tool creates “a flattenable mesh surface, which is a 
polygonal mesh surface that can be unfolded into a planar patch without stretching 
any polygon” [14]. The pattern flattening was done with the delimitation of lines di-
rectly over the body model. The tool helped the perception of the ease values neces-
sary in different body postures. The results served as a reference for the design of the 
final pattern.  
Furthermore, the 3D Cad software enabled the try-on prototype tests in dynamic 
postures. The available avatar was customized according to the volunteer’s body 
measurements, and four body positions were pre-defined as follows: Position 01 - 
body rest (initial); Position 02 - bending elbows; Position 03 - up arms open, and 
Position 04 – body rest (final). Figure 3 presents the digital try-on test in the four 
dynamic postures. Additionally, the digital knit was parameterized using the weight, 
thickness, bend and stretch behavior data from the real knit.  
 
Fig. 3. Digital try-on test in dynamic postures 
The results showed the most stable t-shirt zones, contributing to further defining the 
electrode locations. Figure 4 shows the overlapped images of the t-shirt in Position 1 
and Position 4, after the body’s movements.  
 
Fig. 4. T-shirt overlap in positions 1 and 4. 
The virtual prototype presented good fit performance, despite a small variation of 
the t-shirt position on the body. But the instability impact was limited way on the 
electrode zone. The actual prototype proof presented a good fit, free body movement, 
and stability to the volunteer’s body. However, in the area of the shoulders, chest, and 
upper back still some instability conditioned to the shoulder’s movement. A comple-
mentary study of localized compression and ergonomic cut will be required for the 
overall stability of the t-shirt. 
Figures 5 to 6 show the EMG signal obtained by Biceps, Triceps, and chest mus-
cles. 
 
Fig. 5. EMG signal, Muscle: Biceps, Exercise: Dumbbell bicep curls; Repetitions: Six; Weight: 
1.0kg.  
 
Fig. 6. EMG signal, Muscle: Triceps, Exercise: Kickback; Repetitions: five; Weight: 1.0kg. 
 
Fig. 7. EMG signal, Muscle: Chest, Exercise: Push up; Repetitions: six. 
The electromyographic signals acquisition results can be considered very positive,  
especially the acquisitions related to biceps and triceps muscles. The waves captured 
were sharp and with low noise. The graphs showed clearly the muscle’s activity and 
rest moments. These results are promising for future aplications such as monitoring in 
sports and rehabilitation. 
It was also possible to capture the eletric chest signals during pushups exercise. It 
was possible to identify the peaks of the exercise, but with a higher level of noise than 
other acquisitions. The noise may be related to the instability of the t-shirt, previously 
identified. The first and last spikes indicate the beginning and the end of the exercise 
that involved complementary body movements for the beginning and end of the Arm 
flexion exercise. The remainder of the exercise graph shows greater homogeneity in 
the signals, even with the presence of noise. 
4 Conclusions 
In this paper, the ergonomic design developed a smart garment, and EMG measure-
ments result from the t-shirt was reported. 
The 3D Cad software supported pattern design and virtual prototypes tests. This as-
sisted the development of a fit and stable t-shirt,according to the smart garment de-
mands. However, there are still instability points on the t-shirt. Future studies will be 
necessary to achieve solutions to render the electrode positioning less sensitive to 
body movements. 
The BITalino device was used to carry out the experiments, but a device that fol-
lows the aesthetic and functional requirements of the garments shall be designed.  
Finally, we consider that the ergonomic pattern, from the perspective of the de-
mands of a smart garment, increases the chances of success in future applications of 
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